An experiment was set up in Maize Research Institute Zemun Polje, Serbia in 2009. Two cropping systems, maize continuous cropping and maize-winter wheat rotation, included subtreatments with different weed management: control without herbicide application and application of the herbicides isoxaflutole + acetochlor at the recommended dose (RD) and half of recommended dose (0.5 RD). After three and five years of experiment, maize harvest index, leaf area index (LAI), chlorophyll and carotenoids content as parameters of maize competitiveness, and weed biomass as parameter of weed abundance, and their interdependences were analyzed.
Introduction
Agriculture is devoting increasing attention to ecological aspects, in addition to economic considerations. Yield losses caused by pests, pathogens and weeds are major challenges to agricultural production (Pop and Csider, 2014) . Maize and winter wheat are the most important produced crops in Europe. Their yield shows significant deviations in different crop years and have become strongly weather dependent. Conventional high yielding maize production is directly connected with weed control. Successful weed control in maize crop is characterized by implementation of different supportive and aimed measures (Simić et al., 2014a) . The system of measures is planned according to weed community composition and species abundance at certain agroecological conditions.
The main measure with biological and phytosanitary effects is crop rotation. The most adopted in Serbia is two crop (maize-winter wheat) rotation, even though the recommendations are to include legume crops and conduct three crop rotation (Videnović et al., 2013) . Rotation of crops also includes rotation of herbicides and their modes of action, allowing a possible reduction in pesticide use (Liebman et al., 2001 : Anderson, 2006 . Its importance is especially highlighted because of very restrictive new EU regulations for pesticide production and use (http://www.epa.gov/ pesticides/regulating/restricted.htm). The use of crop rotation is known to provide environmental benefits, lowering weed infestation level as well as weed seed bank richness in the soil (Spasojević et al., 2012; Simić et al., 2014b) .
Weed competition affects physiological processes in maize plants and modifies their morphology. It affects their light use efficiency and physiological processes relevant for productivity, such as chlorophyll and carotenoids contents (Spasojevic et al., 2014) . Plant canopies can be structurally characterized by their harvest and leaf area index. Those two indices illustrate the intensity of stress and pressure present in plant stand, caused by presence of weeds and their biomass.
Long-term experiments are excellent method for comparing cropping systems. The aim of the research was to determine advantages of two crop rotation in comparison to continuous maize growing in combination with different herbicides level, i.e. the weed control effectiveness and crop morphological and physiological parameters which are important for maize competitiveness and productivity.
Material and methods
An experiment was set up on experimental fields of the Maize Research Institute at Zemun Polje in 2009, on a slightly calcareous chernozem type of soil under rain-fed conditions. After three years of experiment, which included fields with maize continuous cropping and maizewinter wheat rotation, the first comprehensive results of these cropping practices were obtained in 2011 and 2013. The fields were ploughed to the depth of 30 cm every autumn before the sowing of any of the two crops. An amount of 30 t ha -1 of manure was applied to each field at the beginning of experiment, as well as in maize continuous cropping every third year. In two crop rotation field manure was applied each second year, i.e. in autumn of 2010 and 2012 in amount of 20 t ha -1 . Maize hybrid ZP 606 was sown in the fields with maize continuous cropping and rotation in the third decade of April at the density of 59.500 plants ha -1 . Mineral fertilization included monoammonium phosphate (150 kg ha -1 ) incorporated every autumn, as well as side dressing at the stage of 5-6 leaves, based on soil analysis (available nutrients content). Both plots, continuous cropping and rotation, included subtreatments with different weed management: control without herbicide application; application of the herbicides isoxaflutole + acetochlor, which were used at the recommended dose (RD) with application of 1536 g a.i. + 105 g a.i. and half of recommended dose (0.5 RD) with 768 g a.i. + 52.5 g a.i. The elementary plot size was 28 m 2 and each sub-treatment included four replications.
Weed evaluation was conducted six weeks after herbicide application by measuring total biomass at all uprooted weed individuals per square meter. Leaf area index (LAI), chlorophill and carotenoids content were masured in the midlle of the anthesis and harvest index was evaluated at the end of vegetation period.
The experimental data of maize harvest index, leaf area index (LAI), chlorophyll and carotenoids content and weed biomass were statistically processed by the analysis of variance (ANOVA) and analyzed by the LSDtest (5%). Interdependences among maize grain parameters and weed biomass were processed by regression analysis.
Results and discussion
Results obtained in maize monoculture show that weed species number and biomass of their individuals decreased after three years of maize cultivation but still was different according to herbicide application level, Table 1 . Biomass of annual weed species decreased in 2011 and 2013 in comparison to 2009, while biomass of perennials increased in the treated and untreated variants as well. In double crop rotation, number of perennial weed species decreased in 2011 but number of annual species increased, which is probably consequence of cattle manure application in 2010, Table 2 . Abundance of annual weeds was high in 2011 and 2013, mainly because of S. nigrum, Chenopodium sp. and Amaranthus sp., while biomass of D. stramonium was lower after rotations. Generally, number of species of both group of weeds was lower in variants with herbicide application, especially in 2013 and at treatment with application of recommended rate of herbicides. Weed biomass was significantly decreased by herbicide application in both, years and cropping systems, and there were no significant differences between RD and 0.5 RD (Tables 1, 2 and 3) . Applied herbicides, in accordance with their mode of action, were more effective against annual weed species. Owing to meteorological conditions and probably manure application, weed biomass was significantly higher in 2013 than in 2011. Cropping system showed its positive effect on weed abundance. Maizewinter wheat rotation was more effective in weed biomass reduction in both years. Weed biomass was particularly lowered in RD treatment of maize-winter wheat rotation (120.7 and 84.5 g m -2 in each year, respectively). With application of recommended amount of herbicides, LAI was increased and harvest index decreased, mainly in maize-winter wheat ro-tation. Herbicide application also influenced chlorophyll and carotenoids content in maize leaves and they were higher compared to control in both cropping systems. According to statistical analysis, herbicide application significantly reduced weed biomass on treated variants in comparison to control. Differences between cropping systems after one rotation cycle were not significant for measured parameters of weeds and maize, Table 1 and 2. Regression analysis showed that LAI was significantly lower (R 2 = 0.826 in maize continuous cropping and R 2 = 0.640 in maize-winter wheat rotation) and harvest index was higher (R 2 = 0.482 and R 2 = 0.122, respectively), parallel with weed biomass increase, Figure 1 . In maize continuous cropping, chlorophyll and carotenoids contents were significantly decreased parallel with weed biomass increase (R 2 = 0.438 and R 2 = 0.358, respectively), but in maize-winter wheat rotation only chlorophyll content was decreased by weed competition. Composition and dynamics of weed populations in arable fields are influenced by environmental and soil characteristics and also by cropping system and management practices. Obtained results showed that cropping system with adequate crop rotation can successfully diminish weed populations. Accordingly, average weed biomass for all herbicide treatments and for two years was 33.73% lower in maize-winter wheat rotation than in maize continuous cropping. Previous long-lasting investigations on cropping system effects on weed infestation level also showed that the greatest weed biomass was recorded in maize continuous cropping (Dolijanović et al., 2011; Spasojević et al., 2012) . Crop rotations, especially two-and three-crop rotations were more efficient in reduction of number of plants per weed species and weed biomass than continuous cropping. Different crop rotations, soil tillage and mechanical and chemical weeding, allow the long-term control of arable weeds and significantly reduce reliance on herbicides (Chikowo et al., 2009 ). Varietal differences in weed controlling capacity have been reported for many crops, including maize (Begna et al., 2001; Travlos et al., 2011) . Weed ability to compete cannot be attributed to a single growth trait but to the total effect of several traits, such as quick emergence, high leaf area growth and rapid growth in height. Also, weeds induce reductions of the maize root system and leaf area (Silva et al., 2009) , thus diminishing yield.
Cropping system affected maize morphological and physiological parameters. As weed biomass increased according to level of herbicide application, the leaf area index decreased and harvest index increased to a greater extent in maize continuous cropping than in the maize-wheat rotation. Weed competition especially influenced harvest index as a ratio between productive and vegetative parts of grown plant and it grown together with competitive pressure. Similarly, other cropping practices, such as tillage and sowing methods, significantly influenced leaf area and leaf area index of maize plats, as well as crop growth rate, plant height etc. (Anjum et al., 2014) .
Conclusion
According to obtained results, it could be concluded that competition pressure of weeds in maize -winter wheat rotation is weaker regarding to morphological and physiological parameters of crop plants than in maize continuous cropping, and highly dependent on herbicide application.
